Preventive, predictive, and personalized medicine (PPPM) has created a wealth of new opportunities but added also new complexities and challenges. The European Cancer Prevention Organization already embraced unanimously molecular biology for primary and secondary prevention. The rapidly exploding genomic language and complexity of methods face oncologists with exponentially growing knowledge they need to assess and apply. Tissue specimen quality becomes one major concern. Some new innovative medicines cost beyond any reasonable threshold of financial support from patients, health care providers, and governments and risk sustainability for the health care system. In this review, we evaluate the path for genomic guidance to become the standard for diagnostics in cancer care and formulate potential solutions to simplify its implementation. Basically, introduction of molecular biology to guide therapeutic decisions can be facilitated through supporting the oncologist, the pathologist, the molecular laboratory, and the interventionist. Oncologists need to know the exact indication, utility, and limitations of each genomic service. Minimal requirements on the label must be addressed by the service provider. The interventionist is there to bring the most optimal tissue sample to pathology where the tissue is expanded to a variety of appropriate liquid-based samples. The large body of results then should be translated into meaningful clinical guidance for the individual patient. Surveillance, with the appropriate application of health economic indicators, can make this system long lasting. For governments and health care providers, optimal cancer care must result in a cost-effective, resource-sustainable, and patient-focused outcome.
Introduction
The exploding tsunami of new medicines in oncology, almost all resulting from progress in molecular biology, opens new avenues to more powerful treatments with less side effects. Innovative drugs prove regularly that quality of life can significantly be extended, at least in some subgroups. In general, about 30% of the treated patients have an objective benefit from this extension in life and decrease in suffering, resulting in clinical meaningfulness [1] .
Global activity in life science research about molecular biology is growing almost exponentially since the early 1990s ( Fig. 1) , not only the number of publications and research groups, but also power, range, and complexity of available services, platforms, and tests. In the 1990s, a mutational analysis took several days; now, billions of genes can be examined with one machine in one day [2] . Almost every university performs gene analysis, numerous start-ups appeared, and a growing number of internationally operating commercial companies offer services that excel in complexity, parameter control, certificates, and overall quality. So, in parallel to cancer drugs, a new world of diagnostic tools has emerged during the last 20 years that can be of tremendous help to cancer patients [3] , if implemented in the right way [4] .
Biomolecular tests can provide substantial additions to traditional guidelines. The latter proved useful because they emerge mainly from sound scientific evidence from clinical trials and are accepted by the majority of practicing oncologists nowadays. About 85% of cancer patients take advantage of this international guidance when cancer is detected. Rules on primary treatment can be stratified rather easily because at detection, cancers from the same organ look alike. Primary cancer patients are therefore traditionally allocated to sitespecific treatment groups based on extension (e.g., TNM) and histological features. These were the known variable oncologists had to rely on, at least up to the 1990s. And they are still in place and working. Also, in recurrent diseases or in case of exclusion of local treatments, the algorithms provided remain partially useful. But for advanced cancer, it is common knowledge that only 35% will respond to treatment, even with the newest and most powerful medicines [5] . So, there are limits for this kind of evidence.
There are number of reasons why traditional guidelines are offering limited benefits:
-Established guidelines that offer treatments with an average response rate of 35% are difficult to accept by patients and their family. A notorious example is docetaxel in nonsmall cell lung cancer. Even recent duplet checkpoint inhibitors, which for sure represent another milestone in the fight against cancer, have average response percentages of less than 20% [6] . -Guidelines are usually softened during their development to make them acceptable to more oncologists. Reduction of therapy options in the hope to increase Bwide-acceptance^comes from a magical mix of dogmatic comfort in addition to proven scientific evidence. -Guidelines make preferentially use of recent literature.
This bias favors newer treatments instead of older ones, even if the head-to-head comparison is not well studied, e.g., usage of temozolomide and procarbazine in glioblastoma. In a substantial percentage, patients guided to a modern targeted option might have more benefit from the older conventional chemotherapy alternative. -Guidelines are based mainly on clinical trials where the patient is compared to but not necessarily belonging to. Guidelines therefore can only give recommendation based on an average of patients; they cannot specify on the individual one. Inclusion and exclusion criteria (e.g., age) might restrict the outcome of a clinical trial to a kind of Bproof of concept.^Sometimes, these results are difficult to apply as basis for real-life practice. In some studies, inclusion is based on a validated central laboratory test of which a non-validated alternative is present in the local hospital. -Up to 5 years ago, updating guidelines was a yearly to a 5-yearly event depending on the issuing organization, representing emerging knowledge. With the exponentially growing numbers of publications and the complexity of diagnostic and therapeutic options available, this frequency is no longer tenable. Already now, NCCN (National Comprehensive Cancer Network) updates several times per year many of their site-specific recommendations [7] . It is expected that this version-wise updating must be adapted to a continuous process to accommodate all existing and newly appearing evidence. -Some international organizations recommend their own guidelines with different corporate views. -Guidelines fit better for primary cancers. But as the disease develops, growth will depend on dedifferentiation, host resistance, and interference with prior and existing medications. Increase in differences between patients will lead to the request for a more personalized approach, increasing importance of biological processes compared to clinical parameters, and growing unpredictability of a dedifferentiating tumor in a declining host. -Guidelines have been developed most of the time as sitespecific recommendations, bearing a non-conditional linkage to the organ where the tumor started to develop. This may lead to differences in treatment where there is no biological ground for it. Many examples have been seen in the past, e.g., chorionic cancer in ovary and testis and hormonal treatments in breast and prostate cancer. But also, more recent site-specific differences in treatments are seen: neuroendocrine tumors in pancreas are treated differently from those in the lungs. -Amazingly, scientific communications at international clinical meetings rarely refer to guidelines. Even large institutions that propose guidelines do not always apply them internally. Guidelines sound as a quality system that does not cover the needs of the patients in all situations, especially not for patients with rare and advanced cancer, e.g., treatments of large, extensive, recurrent, or rare soft tissue Pubmed articles on molecular biology Fig. 1 Number of publications in Pubmed during the last 30 years. They represent growth of number of research units, complexity of tests (big data), and interest from the pharmaceutical industry for molecular biology. The incremental increase in the most recent years can largely be attributed to personalized oncology. Prevention-related articles remain a small fraction of not even 2.5% of the total number cancers are not well covered in guidelines. Identifiable subgroups or extremely rare cancers are sometimes even not described at all (e.g., pseudomyxoma).
About 15% of metastatic cancer patients will require additional and meaningful information at the time of diagnosis to be able to take an informed decision. Uncertainty often leads to panic whereby the patient and entourage grasp towards new and often the most expensive options because these, frequently experimental, are most visible in media.
Personalized oncology
In its most idealized version, the oncologist should take the cancer patient to the pharmacy and say Bbased onwhat we found in your cancer tests, this is the best treatment for you.^This treatment then would be based only on the susceptibility of the cancer cells and on the availability of drugs that influence defined metabolic steps. That does not mean that only targeted drugs are to be considered. The importance of non-selective medicines or medical devices and their role as the backbone for effective cancer treatment should not be underestimated.
Most oncologists would agree that assessing the tumor and finding the molecular profile of metastasized, recurrent, or infrequent cancers are now Bstandard of care^ [8] . Nevertheless, implementation is not as expected due to challenges in skills, capabilities, and infrastructural deficiencies.
In addition to the growing number of labs and researchers ( Fig.  1) , the tests are becoming much more powerful with use of high throughput in vitro laboratory equipment. Of course, complexity in terms of scale and scope of technologies makes communication with the hospital even more difficult than it was before. The almost unimaginable power from developments in next generation sequencing (NSG), whole genome sequencing (WGS), whole exome sequencing (WES), and chromosome microarray technologies with comparative genomic hybridization (CGH) and single-nucleotide polymorphism (SNP) is not easily understand and is positioned along with copy number analysis, RNA (transcriptomic research) and protein (proteomic) research, and progress in immunohistochemistry. Additionally, many welcome Bliquidbiopsy^ortakingabloodsampletofindmolecularmarkers in serum or other body fluids to monitor treatment or detect early recurrence. For the time being, approaches on serum biomarkers have not been validated for clinical treatment decisions. Another factor adding complexity is that R&D (research and development)-driven initiatives often fail in acceptable translation into clinical routine. For example, data from animal models are not readily applicable to human clinical questions. All this wealth of information could be considered for clinical use, provided that clinical utility and added value for the patient have been proven with sound evidence (Fig. 2) .
Due to these developments, number of different available tests, various levels of tests in the genomic expression, complex and high data output together with difficult-to-gauge quality of good laboratory practice, quality of the starting materials, and also the combination of different tests and platforms in an offered service while considering the developments in medical devices and pharmaceutical products create challenges for all specialists who are involved in genomic guidance. For the oncologist, this means new and additional tasks: finding the right service, platform, and test together with the interpretation of the results and translating this back to clinical real-life patient-focused oncology.
As a supplement, molecular biology has shed new light on carcinogenesis, origin of cancer, primary prevention measures, monitoring, and secondary prevention. Altogether, genomic progress, implementing not only genomic research but all kinds of omics in different stages of oncology, has created a new momentum in medicine that can be best described as Bpredictive, preventive,andpersonalizedmedicine(PPPM).^Itisthistermthatwillbe used throughout this review [9] . 
Choice of the test
Evidently, one molecular profiling service is not like the other. Clinical utility of one service is not easily applicable to competing tests and largely depends on the interlinked chain of all steps done with high quality: from sample procurement via molecular profile assessment to clinical translation. This complexity is expected to even increase in view of continuous innovation worldwide, e.g., evidence of predictive value of biomarkers. Given the ever-rising quantity of available tests with different scopes and clinical questions to solve, the choice of the right test is pivotal and should not be biased with anything else than the well-being of the cancer patient [10] . Some call this approach also patient-centered or value-based, integrating the patient perspective.
The clinical question must be carefully defined. Is the service an extension of genetic counseling, prognosis evaluation for adjuvant treatment, selection of drugs, companion test, treatment monitoring, or anything else? The label of the test should contain this clear indication or intended use statement, comparable to leaflets of drugs and medical devices.
Validation should touch clinical utility, impact, and benefit as the main goal. Information about pricing is most helpful together with some technical specifications that allow health economical evaluation. More comprehensive tests integrating various technologies will return more meaningful information but are often more expensive. In general, reduction in platforms or tests to answer specific medical questions (e.g., because of costs) dilutes also clinical applicability. This delicate balance between costeffectiveness of an in vitro test can be evaluated in exact the same way as for new treatments. Currently, the most applicable analysis is ICER, the incremental cost-efficacy ratio. This methodology could be an integral part in the assessment and implementation of omic tests [11] .
The wealth of available tests needs a kind of classification. There are numerous ways to organize and a practical approach can be the starting point to form the patient's interest. An example how some common commercial tests could be seen in the patient's clinical journey is given in Fig. 3 . Quite many tests are site-specific and reimbursed accordingly; some are companion tests that are linked to response to certain targeting drugs. Some services allow for treatment decisions (predictive and prognostic tests) in a multiplatform environment. The complexity of technologies including clinical usefulness and quality often is a factor explaining the large variation in costs ranging from 100 up to even 25,000 Euro nowadays. It is one of the many ways to select the right test according to intended use. But also, utility, impact, and benefit should be clear on the label in a way that is very similar to other health products such as medicines and medical devices
Sample preparation
Given the costs of high output services and the importance for the patient, the pre-analytical quality of the sample needs special attention (http://www.spidia.eu/). Microscopy remains an essential step in the diagnostic work-up and is almost entirely performed on microtomized slides for histology, histochemistry, and immunohistochemistry. Microdissection as one essential process step selects specific cells to obtain better data from non-contaminated materials. Almost all molecular biology tests use liquids either coming from body fluids or liquid phase solid tissues and need special preparation in line with the tests that follow (https://www.nccn.org/professionals/physician_gls/ pdf/nscl.pdf). The pathologist receives the tissues and is likely the key person, responsible for transforming solid tissue specimen into liquid phase homogenates.
Some genomic platforms study robust and stable molecules. DNA for example can be studied even 2000 years after mummification. Other molecules such as RNA and proteins deteriorate in a matter of a few minutes. Both interventionist and pathologist must know the purpose, characteristics, and implications of the test so that appropriate measures can be undertaken to ensure the best starting materials. The sample can be deteriorated, contaminated, diluted, or changed in any way without being readily detected by the laboratory staff. Integrity of RNA can be quantified, but for proteins, this is much more difficult. According to the NCCN guidelines, prior to any genomic test, quality of the sample should be guaranteed. It is the responsibility of interventionist and pathologist to have sufficient quantity and high-quality tissue available for further testing [12] .
Recent research has focused on taking biopsies from almost all parts of the human body in the most comfortable way with an appropriate sample size to accommodate all tissue research. Cell viability in modern transdermal biopsy samples is extremely high because of rapid diffusion of the specific fixators [13] . Heterogeneity of cancers is providing arguments for repeated biopsies, and microbiopsies with tru-cut needles of 20 to 14 G can obtain samples up to 20 mg. The first sample is usually the best since this contains the purest tumor tissue. By the second take, intratumoral bleeding will cause the first type of contamination. But to get enough tissue, at least several samples need to be taken and more non-tumor tissue will enter the sample and comfort decreases with repeated sampling. To comply with international standards and preanalytical quality requirements of larger labs, enough tissue means at least 50 mm 2 on a slide that are at least six tru-cut samples (Fig. 4) . For the pathologist, this does not pose a problem since he can focus on the target zone in the sample and from this part, he can deduct appropriate and meaningful information. The problem starts for molecular biology. Homogenates, made of many tru-cut biopsies, will contain a significant amount of contamination. It is estimated that up to 80% of homogenates may contain contamination that reduces the percentage of target tissue to less than 20%. In such a test, it is a challenge to see the difference, so probability is high to measure lower amounts of target molecules resulting in an overlap between patient groups. This gray zone, so hated by the patients and oncologists, becomes wider again with loss of discrimination or specificity [14] . Collectively, meaningful clinical useful data can only be achieved when all the segments in the chain are offered with the highest quality.
For the scientist, overlap is not such a problem. He can increase the power of an experiment by adding multiple patients to the study until significant differences can be detected, even in the presence of a substantial gray zone. But this is true horror for the patient who is keen in knowing to what treatment group he belongs, or if he needs or not (adjuvant) treatment, or if the planned treatment has the highest chance of success and should be the treatment of choice. Discriminative tests or tests with high specificity can only be generated with samples of highest quality to start with.
Molecular biology therefore starts with the right sample with sufficient quality, purity, and freshness. A minimal quantity of 100 mg that contains at least 50% of the target with excellent preservation is a requirement that has been generally accepted [15] . Macrobiopsies are recently available that can guarantee purity and quantity [16] [17] [18] . Dedicated fixators such as RNALater type of solutions can preserve the sample Fig. 4 Contribution of biopsy method to sample quality for predictive, preventive, and personalized medicine. Multiple small samples from a cancer are not identical to one large sample when high degree of purity and freshness is pivotal from deterioration of target molecules. As cited above, deterioration is one of the mechanisms that increase gray zones and needs to be avoided.
Essential requirements for molecular biology tests
Omic tests are fundamentally different from histopathological examinations. Molecular biology uses a test molecule (probe) to react with a target molecule in the homogenate. In its most simple form, one test molecule binds one target. The most modern tests might be more sophisticated in a way that more probes will be used in one test vial, but basically, one probe binds one target and is detected in that way. Quantitatively, the more target, the higher the test outcome, resulting usually in a linear fashion and expressed as concentration. Consequently, if the sample is not pure, the concentration measured will be lower. If the sample is not fresh, labile molecules will deteriorate and the concentration decreases also. Even more dangerous is that the molecular biologist has no clue about the quality of the sample. This is in total contrast to the pathologist who immediately sees the quality of the sample. He will also immediately see the site-specificity, i.e., from which organ the sample derives. Unlike the pathologist, the molecular biologist must trust from the beginning of the pre-analytical workup that the sample is the right one and is offered in the best conditions. The phrase Brubbish in-rubbish out^is well describing this phenomenon and the pathologist must be in control of this important step. This is also why diagnostics, based on blood samples only, need to be validated with tissuederived information, including pathology of the sample to obtain clinically meaningful information.
Is it also a prerequisite that lab testing the specimen works according to highest standards of internal processes and used materials. Not only the quality of specimen is important, but also the quality of the antibodies used for testing is crucial. As only a small range of biomarkers for molecular profiling can be assessed using commercially available kits, like HER2, all other tests need to be developed and validated as laboratory established tests (Fig. 5) .
Whatever the nature of service, platform, or tests might be, all of them must demonstrate adherence to some basic essential requirements like, e.g., quality certifications from New York State Department of Health. This information should be summarized and attached also to a readable label, as described above. It is imperative that oncologists and patients know when and why a test is useful with proven added value for the patient and traceable clinical usability for an affordable cost. All this information should be clearly explained on the label: name of the test, indication, cost, and validation.
As budget within health care is limited, innovative diagnostics and treatments should be welcomed as they provide new opportunities for cancer patients. Health economy evaluation is therefore a delicate but indispensable tool to guarantee continuity and optimal care within a financially sustainable health care frame. Strategic considerations endorse transfer of part of therapy costs towards better selection of patients and treatment, optimizing resource allocation. Hereto, the work and tools of the interventionist, pathologist, molecular biologist, and oncologist but also the health economist must be reimbursed to save important financial resources in the therapeutic phase. Only this optimization in financial allocations can guarantee a continuation of state-of-the-art oncological care and guide prevention strategies. Oncology should not accept gray zones in reporting results as cancer patients are interested in decisive decision-making based on discriminative results. Discriminative test results are methodologically evaluated by sensitivity or, far more importantly, by specificity or by true prediction rate, being the striking variable [14] .
Yearlong experiences show that patients and families much easier accept results from molecular biology on own tumor tissue instead of being allocated to treatment groups based on international accepted guidelines. This is particularly true in situations when standard of care has failed, and the patient is advised that no standard treatment is available anymore and would be considered to be transferred to palliative care. Patients understand very well that for each person and per consequence, each tumor is different and that this difference between patients and between cancers becomes larger over the time. Centers that more commonly use genomic profiling as an established tool and adopted its policy experience a change in treatment decision in up to 88% of the cases [19] . Interestingly, this change from prior profiling planned treatment to molecular-guided treatment is in 88% in favor of conventional chemotherapies, 8% for targeted therapies, 1% hormonal therapies, and 3% for investigational products. Therapies guided by comprehensive molecular profiling do not lead to high costs automatically but optimize the usage of all treatment options available Fig. 5 Shift from microscopical analysis only to integrated histological and molecular biology for predictive, preventive, and personalized medicine poses challenges for the pathologist matching the patient's needs. This results in a high probability for non-expensive, well-established conventional chemotherapies, still offering huge potential benefits for patients. Only uncertainty, lack of comprehensive understanding of molecular profiling, and the underlying algorithms of probability of success combined with wrong financial incentives often lead to the rather unreflected application of the newest, most expensive, targeted therapies.
Of course, there exist also clinical measurable impacts. Two criteria are cited. The first one is the percentage of patients that experience a Bsignificant prolongation of life with adequate quality.^Significance is often defined as an increase of minimal 30% versus the prior treatment line [20] . The other parameter is the disease-free survival (DFS). How long does it take before a patient with complete remission shows sign of recurrent disease? Both intermediate markers can be taken as proxies for overall survival. Recent literature shows in different reports that genomic profiling is useful and can improve those measurable outcomes significantly. Some indicate a doubling in survival and an almost tenfold increase of number of patients that experience increased meaningful survival [21] . For the prolongation of DFS, one often thinks at new and powerful targeted drugs only, which is in fact not true. In contrast to that assumption in 2016, oncologists discovered for the first time that the right diagnostic test can increase DFS without bias interference. Hereby, new diagnostic service providers can now be compared to most powerful drugs regarding NICE (National Institute for Health and Clinical Excellence) [20, 22] threshold levels, demonstrating also a clear positive health economic impact. Therefore, reimbursement of molecular biology tests, including all preparatory steps, must be considered as important as access to new drugs. It is the totality in patient care and the interlinked chain from prevention, early detection to treatment that saves lives. In addition, it proved to be meaningful to patients and their families.
Implementation
PPPM will fulfill its promises of significant improvement of patient care if the quality of services is optimal over the whole range of the diagnostic workup, from indication evaluation over sample procurement up to interpretation of the results. Each part of the chain carries responsibilities and threats towards the impact on treatment decision and patient's welfare. For the implementation of PPPM in oncology, there is need to optimize the sample procurement and processing, right choice of the test, communication of the results, and health economic surveillance (Fig. 6 ).
Sample procurement and processing
More than ever, the pathologist is the center of tissue processing and key for success of the next molecular test. Pathology must decide how the sample is immediately handled in the intervention room. The sample is received in a solid or liquid (body fluids) phase and must be processed into both solid and liquid phase representative materials. It is an activity that needs multidisciplinarity, because it should consider the exact nature of the clinical question, the state of the sample, knowledge of the necessary tests, and international criteria of good laboratory practice. International organizations have put forward minimal requirements for quality work, including the pre-analytical quality assessment [23] .
Pathology will tie the sample with the other parts of the diagnostic work-up such as medical imaging and physical examination and judge quality of the sample. Combining all these elements of the diagnostic work-up highlights also the importance of the right interpretation of the results in a meaningful diagnostic aid to the cancer patient, especially when thousands or millions of data must be interpreted.
Choice of omic test
The available services, offered by different laboratories, differ largely in:
-Pre-analytical quality control. Some laboratories apply stringent criteria; others are less critical. As much as the service is meaningful, pre-analytical quality decides for a large part of the meaningfulness and applicability of the results. Fig. 6 Steps to molecular biology for cancer patients: the interventionist for sample procurement, the pathologist for transformation of the biopsy sample into homogenates, the biomolecular service, and the clinician who decides about the right indication and the translation of the results into meaningful clinical practice changes -Indication. Some laboratories define exact medical conditions in which the test can be useful with description of clinical utility and added value. -Type and combination of tests offered. Strict genomic testing on DNA can be meaningful in certain clinical conditions such as in companion tests. In other circumstances, multiplatform tests including immunohistochemistry, in situ hybridization, and RNA-gene fusion analysis beside DNA-NGS mutation analysis in combination with histopathology provide the essentials for clinical utility. -Costs. Some tests proved to be cost-efficient according to ICER calculation. Some do not offer value in terms of health economy. In an era, where quality control is almost as important as the technology itself, costs must cover a range of activities that altogether provide the basis for meaningful results and add value for patients. -Applicability in the clinical care path of the patient. Some tests predict the risk, and some the indication of adjuvant treatment in site-specific cancers. Other tests will guide in precision medicine for refractory and rare cancers, and others guide in treatment monitoring. Depending on the patient's needs, the oncologist must be sure about the scope for various tests. -Validity of evidence. It is of highest importance that data used for biomarker/drug associations are validated. Some tests use extrapolation from animal data, which bears a huge risk for misinterpreting when used in humans. Also, the level of evidence used must be shown transparently. -Trial enrolment. Due to the increasing number of innovative treatments especially in the field of targeted therapies, linked information between molecular profiling, treatment options, and matching trials can help patients and physicians have access to those experimental drugs. -Clinical usability. Is the test helpful for decision-making? Does the treatment choice differ based on the results of the test from the originally planned treatment choice? -Clinical added value. Impact for the individual patient regarding increase in DFS, overall survival, or increase in number of patients that experience a meaningful extension of quality life -Clinical relevance of biomarkers. Besides the quality of the test results, the interpretation of the clinical relevance is equally important, as some biomarkers prove to be more relevant (e.g., prostate-specific antigen) than others (e.g., CA 15.3 in breast cancer). -Turnaround time. Patients like to see the results in time, when they need the results for further treatments. Long turnarounds due to technical issues or low throughput numbers reduce the chances of utility or added value.
An example of difference in service between four commercial companies illustrates these key criteria and can give a clear guidance for the appropriate test [20, 24] . Laboratories that provide commercial services in molecular biology must comply to many requirements, far beyond all standards currently in place for research and development, as these laboratories produce test results which are crucial for the patient's treatment decision.
Communication of results
The enormous burden of data, some coming from high output data analysis, after molecular profiling must be translated in clinical useful strategies creating meaningful impact for patients. Common questions to consider are as follows: Is the result a mutation or polymorphism that is related to the malignancy? What does the result mean: risk prediction, therapy selection, prognostic parameter or is it monitoring the disease activity? The rapid evolution of number and type of publications (traditional, open access, prints) and the expanding series of scientific journals let the right filtration of relevant scientific articles becoming a specialized discipline. The bridge between life sciences and the specialized clinical cancer care centers seems to grow as both disciplines develop. When the findings of molecular tests are not interpreted in the right way with contemporary knowledge, the patient might be harmed. Communication between the service providing laboratories and oncology departments needs to be continuously updated and detailed. Given the rapid expansion of knowledge, a constant training and formation is required. Talking to oncological patients and their family and friends also requests communication skills and psychological insights. Time must be spent on the collection of all clinical and molecular biology data available as a solid basis for consultation.
An example of how results can be useful and communicated is shown in Table 1 . In this example, the authors choose two real cases of triple negative breast cancer (TNBC). The results of multiplatform testing were summarized in meaningful data, resulted in treatment suggestions that were very different in two similar patients, illustrating the clinical impact and usefulness of the service.
More specifically, the first TN breast cancer patient (A) has androgen receptor expression; this is associated with benefit from enzalutamide and other hormone therapies [25] . Patient B has an activating Her Exon8/S310F mutation. In triple negative breast cancer, this poses an issue sometimes as there is benefit from Her2-targeted therapies, but many health systems object the prescription of those for TNBC. Clinical studies of novel Her2-directed drugs usually require Bfailure of at least one prior Her2 directed therapy^ [26] . These examples clearly illustrate about the massive heterogeneity of patients with cancers even within the same conventional tumor classification (in these cases being TNBC), resulting in different treatment options associated with a potential benefit.
Health economic surveillance
In view of the massive entry of new services, platforms, tests, and products, it is imperative that the quality and health budget are under permanent control and linked to each other. Regulator mechanisms with up-front objective criteria are and must be installed to guarantee management of acceptable and rejected intentions from hospitals and commercial companies. Monitoring of ICER and costs per QALY per service provider can be used accordingly [27, 28] .
Conclusions and expert recommendations
Comprehensive molecular profiling services can be a solution for better cancer care with improved outcomes at stable costs, adding value to patients and society. The large array of innovative tests and new treatment options may currently not be available to the individual cancer patient as established standards because of following reasons:
-The patient with an advanced and/or rare cancer disease has limited time to follow a nearly unlimited route in which he can try all available and potential useful services and products. He needs a clear strategy. Treatments are exhausting and socially debilitating and leave almost no room for Btry-outs.^At each moment, one question pops up: what is the best move now? In addition, the patient is normally not expected to be able to pay for highly expensive services and products. -Tissue is needed for each assessment; sequential testing requires more tissue than parallel testing; in many cases, tumor quantity is not sufficient. -The health care provider is challenged by the sheer number of newly approved treatments and diagnostic tools, trying to give financial support for all patients in need while keeping the health care system affordable and sustainable. This rising complexity and development of increasingly more subgroups within a given disease-entity makes it ever more difficult to optimize resource allocation. Even in the time of molecular profiling, a continuous investment in education, R&D, and clinical utilization is needed. Many health care providers still look at the direct costs only and do not consider comprehensive health economic calculations, adding transparency and giving support to decisions in health policy.
The overwhelming knowledge, generated in molecular biology, and the expectation that much more is coming offer nevertheless unprecedented opportunities for cancer patients. Even in 2016 already, studies can demonstrate that the choice of the right tests might double survival expectations. It is anticipated that this prolongation of quality life will increase further as quality of diagnostic services and targeted treatments increases.
The selection of patients and treatments, through improved prognostic and predictive diagnostics, is an absolute and urgent necessity to control the health budget of oncology. The way to get there is to focus on three steps that will bring molecular biology into routine clinical practice: formation of oncologists, critical evaluation of offered services, and preanalytical sample procurement.
Communication between clinicians and laboratories should be open-minded at both sides and intense to cope with future developments. Many new paradigms will appear that were not evident before. For example, hormone-dependent cancers from prostate and breast might have more in common than differences. Much information is coming from big data analysis that learns us about origin of cancer, prevention, prediction of response, and this more for the individual that for large patient groups. It is expected that much more information will become available that needs continuous implementation into epidemiological research and clinical practice. But at the same time, omics research should remain understandable to other disciplines to maximize applicability.
Focus on continuous follow-up of literature and industrial activities is mandatory to keep oncologists in line with the best that can be offered. At the same time, the biomolecular oncologist should also be a physician with training in communication, cancer biology, and available options in surgery, radiotherapy, traditional chemotherapy, and hormonal therapy. All combined, the function of the biomolecular oncologist is a discipline or skill that needs to be developed to comply with actual and coming strong evolutions of oncology care.
Biomolecular tests and offered services are extremely diverse and almost none are identical. Hence,essential requirements such as costs, discriminative results, influence on treatment decisions, and added value for the patient differ largely. It is crucial to extract the right questions or requests from the clinical situation and identify the necessary test to answer that question. Several categories of services can be distinguished according to stage of patient in the clinical path whether or not companying drugs.
Tissue processing has been largely focused on preparing and coloring histological slides for microscopical analysis until recently. Biomolecular research in contrast is mainly achieved in homogenates: the liquid phase of tissues, or in body fluids. Liquid phase tissue samples are prone to many detrimental threats. A smooth and trustful preparation of liquid phase tissue samples should be done with attention to the highest quality and with communication hence and forth between the pathology and molecular biology lab. This step can only be successful in a dedicated pathology lab with the proper tools and knowledge.
Altogether, implementation of PPPM is feasible and, at the same time, necessary to offer optimal oncological care for the cancer patient now and in the future.
